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v DTSEASE RFSTSTANT BR ASSICAS 

The present invention relates to plants resistant to diseases, in particular to Brassica 
oleracea plants resistant to the disease clubroot. 

Clubroot is a widespread disease that causes serious problems in many Brassica 
growing areas (for a review see e.g. Dixon (1999) Grower April 29, pp.28-29). The disease is 
caused by Plasmodiophora brassicae, a one-cellular organism. Symptoms of the disease 
include root malformations with hard swellings (clubs), that eventually.rot The disease also 
causes stunting through reduced growth, and wilting of leaves is observed under water stress. 
Chemical control of the disease is not effective. Therefore, good genetic resistance of the 
crop is important for its protection against the disease. 

The genus of the Brassicas comprises several species of commercial interest, such as 
B. rapa (Chinese cabbage, pak choi, turnip), B. napus (oil seed, swede), B. juncea (mustard), 
B. nigra (black mustard) and B. oleracea (cauliflower, broccoli, cabbage, Brussels sprouts, 
savoy cabbage, borecole, kohl rabi, borecole and others). While sub-species within a species 
of the Brassica genus are usually sexually compatible, this is not necessarily the case between 
different species of the Brassica genus. For example, B. rapa and*, oleracea do not have 
the same number of chromosomes (10 chromosomes versus 9 chromosomes) and are 
therefore not sexually compatible. This renders the transfer of a trait from one Brassica 
species to another particularly difficult. 

Several sources of resistance to clubroot have been described within the Brassica 
genus (see e.g. Bradshaw et al. (1997) Ann. Appl. Biol. 130:337-348; Cowers (1982) 
Euphytica 31:971-976). Some resistances are monogenic, some polygenic, some are 
dominant, some recessive. Monogenic dominant resistances have been described in B. rapa 
and B. napus, such as for example a monogenic dominant resistance in the B. rapa Chinese 
cabbage (Yosbikawa (1983) Japan Agricultural Research Quarterly, Vol.17, no.l, p. 6-11). 
Chinese cabbage Fl-hybrids with this resistance have been shown to have good protection 
against clubroot, although a small number of strains ('races') of clubroot have been able to 
break through this resistance, especially under warm conditions (temperatures above ca. 25 
°C). Such races seem more prevalent in Asia than in Europe. 

By contrast, only polygenic, recessive sources of resistance have been described in 
the Brassica species B. oleracea (see e.g. Voorrips (1995) Euphytica 83:139-146). Such 
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sources have proven not only to be insufficiently resistant to clubroot, but they are also very 
difficult to transfer between to commercial B. oleracea lines. This renders the breeding of the 
resistance a difficult and time consuming task. 

Therefore, there is an unfulfilled need for B. oleracea plants with an improved 
resistance to clubroot, wherein the resistance is also easy to breed and transfer to commercial 
B. oleracea lines. 

Accordingly, the present invention addresses the problem of insatisfactory resistance 
to the disease clubroot in B. oleracea. To achieve improved resistance to the disease in B. 
oleracea, the present invention discloses the transfer of a monogenic dominant resistance to 
clubroot from Chinese cabbage (B. rapd) to the B .oleracea broccoli, and then further to other 
B. oleraceas, such as white cabbage, cauliflower and Brussels sprouts. In order to overcome 
the sexual incompatibility between B. rapa and B. oleracea, the resistance to clubroot was 
transferred by means of interspecific hybridization using an embryo-rescue technique, 
followed by repeated backcrosses and disease tests in all backcross generations. High level 
of resistance to clubroot is obtained in the resulting B. oleracea plants. The resistance is 
stable, and can be transmitted to further generations and transferred to susceptible or less 
resistant B. oleracea plants. 

Thus, the present invention discloses B. oleracea plants resistant to clubroot, wherein 
the resistance to clubroot is monogenic and dominant, including seeds and materials of said 
plants and the progeny thereof. The present invention also discloses methods to produce B. 
oleracea plants resistant to clubroot, methods to transfer the clubroot resistance to 
susceptible or less resistant B. oleracea plants. The present invention also further discloses 
molecular markers linked to the resistance to clubroot. 

The present invention is particularly advantageous over existing resistances to 
clubroot in B. oleracea in that the resistance of the instant invention is easily transferred 
between B. oleracea plants and commercial lines. Higher yields are obtained because of the 
absence of disease on resistant plants. Moreover much less crop protection chemicals or no 
crop protection chemicals at all are required against clubroot when B. oleracea plants of the 
present invention are grown. 



The present invention therefore discloses: 



P70059. 

- 3 - 



A B. oleracea plant resistant to clubroot, wherein the resistance to clubroot is monogenic and 
dominant. Preferably, the B. oleracea plant is rated at level 2 or less in a test for the disease 
having a 1-9 scale. Preferably, the B. oleracea plant is rated at level 1 in a test for the disease 
having a 1-9 scale. Preferably, the B. oleracea plant is rated at level 1 or less in a test for the 

5 disease having a 0-5 scale. Preferably, the B. oleracea plant is rated at. level 1 or less in a test 
for the disease having a 0-5 scale. In another preferred embodiment, the B. oleracea plant is 
broccoli, white cabbage, cauliflower, Brussels sprouts, Borecole, Savoy, or red cabbage. In 
another preferred embodiment, the B. oleracea plant is homozygous or heterozygous for the 
resistance to clubroot. In another preferred embodiment, the resistance to clubroot is linked 

10 to a molecular marker obtainable by PCR amphfication using primer O20 (SEQ ID NO: 1) or 
primer Y13 (SEQ ID NO:2). Preferably, the resistance is within 10 cM of said molecular 
marker, preferably within less than 6 cM, preferably within less than 5 cM, more preferably 
within less than 3 cM, even more preferably within less than 1.5 cM. In another preferred 
embodiment, the resistance is obtainable from a clubroot resistant B. rapa plant, preferably 

15 from Chinese cabbage Fl hybrid Parkin. In another preferred embodiment, the plant is an 
inbred or a hybrid. In yet another preferred embodiment, the plant is cytoplasmic male sterile. 
In another preferred embodiment, the present invention discloses a B. oleracea plant 
comprising a locus conferring a monogenic, dominant clubroot resistance to said plant. 
Preferably, the locus is within 10 centi-Morgan (cM) of a molecular marker obtainable by 

20 PCR amplification using primer O20 (SEQ ID NO:l) or primer Y13 (SEQ ID NO:2), 
preferably within 6 cM, preferably within 5 cM, more preferably within 3 cM, even more 
preferably within 1.5 cM of said molecular marker. In another preferred embodiment, the 
resistance to clubroot according to the present invention is obtainable from line CFL667, 
deposited with NCIMB under accession number NCJMB 41 134. 



25 



The present invention further discloses: 
Seed of a plant disclosed above, including the progeny thereof. 
Fruit of a plant disclosed above. Part of a plant disclosed above. 



30 



The present invention further discloses: 
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Use of a monogenic and dominant resistance to clubroot to confer a B. oleracea plant 
resistance to said disease, wherein said resistance is obtainable from a B. rapa plant, 
preferably from Chinese cabbage Fl hybrid Parkin. 

The present invention further discloses: 
A method for producing a B. oleracea plant comprising a monogenic and dominant 
resistance to clubroot comprising the steps of: a) obtaining a B. rapa plant resistant to 
clubroot; b) crossing said B. rapa plant with a B. oleracea plant, c) rescuing embryos 
resulting from the cross of step b); d) regenerating a plant from a embryo of step c); e) 
selecting a plant of step d) that is resistant to clubroot; f) back-crossing a plant resulting from 
step e) with a B. oleracea plant In a preferred embodiment, the method further comprises 
introgressing the resistance into an elite B. oleracea inbred. In another preferred 
embodiment, the method further comprises crossing said inbred to another B. oleracea inbred 
to produce a hybrid. 

The present invention further discloses: 
A B. oleracea plant obtainable by a method disclosed above. 

The present invention further discloses: 
A method for transferring a monogenic and dominant resistance to clubroot to a B. oleracea 
plant susceptible or less resistant to the disease comprising the steps of: a) obtaining a B. 
oleracea plant comprising a monogenic and dominant resistance to clubroot; b) crossing said 
B. oleracea plant of step a) with a B. oleracea plant susceptible or less resistant to clubroot; 
c) selecting a plant from the cross of step b) that is resistant to clubroot. In a preferred 
embodiment, the method further comprises backcrossing said resistance into said B. oleracea 
plant susceptible or less resistant to clubroot. 

The present invention further discloses: 
A DNA fragment amplified from a Brassica genome, wherein said DNA fragment is 
approximately 400 bp long and comprises SEQ ID NO.l. 

A DNA fragment amplified from a Brassica genome, wherein said DNA fragment is 
approximately 640 bp long and comprises SEQ ID NO:2. 
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' In a prefened embodiment, a DNA fragment disclosed above is indicative of the presence of 

a dominant and monogenic resistance to clubroot in a Brassica plant. 
Use of a DNA fragment disclosed above to identify a Brassica plant that is resistant to 
clubroot 

5 Use of primer O20 (SEQ ID NO:l) to detect a DNA fragment of approximately 400 bp in a 
Brassica genome. 

Use of primer Y13 (SEQ ID NO:2) to detect a DNA fragment of approximately 640 bp in a 
Brassica genome. 

Use of a primer O20 or Y13 to identify a Brassica plant resistant to clubroot 
10 In a preferred embodiment the Brassica plant is B. oleracea. 

A kit for detecting a monogenic and dominant resistance to clubroot in a B. oleracea plant 
comprising an ohgonucleotide of set forth in SEQ ID NO:l or SEQ ID NO:2. 
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The present invention further discloses: 
A method for transferring a monogenic and dominant resistance to clubroot to a B. oleracea 
plant susceptible or less resistant to the disease comprising the steps of: a) obtaining a*. 
oleracea plant comprising a monogenic and dominant resistance to clubroot; b) crossing said 
B. oleracea plant of step a) with a B. oleracea plant susceptible or less resistant to clubroot 
c) selecting a plant comprising a DNA fragment obtainable by PCR amplification using 
20 primer O20 (SEQ ID NO:l) or primer Y13 (SEQ ID NO:2), wherein said plant of step c) is 
resistant to clubroot In a preferred embodiment the method further comprises backcrossing 
said resistance into said B. oleracea plant susceptible or less resistant to clubroot 

The present invention further discloses: 
25 A method of identifying a B. oleracea plant resistant to clubroot comprising the steps of: a) 
obtaining a sample from a B. oleracea plant b) detecting in said sample a DNA fragment 
obtainable by PCR amplification using primer O20 (SEQ ID NO:l) or primer Y13 (SEQ ID 
NO:2), wherein said B. oleracea plant of step b) is resistant to clubroot 

30 The present invention further discloses: 

A method of selecting a B. oleracea plant resistant to clubroot from a population of B. 
oleracea plants comprising the steps of : a) providing a population of B. oleracea plants; b) 
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obtaining a sample of a plant of said population; c) detecting in said sample a DNA fiagment 
obtainable by PCR amplification using primer O20 (SEQ ID NO:l) or primer Y13 (SEQ ID 
- NO:2), wherein said B. oleracea plant of step b) is resistant to clubroot 



Definitions 

Trait characteristic or phenotype, for example a resistance to a disease. A trait may 
be inherited in a dominant or recessive manner, or may be monogenic or polygenic. A trait is 
for example a resistance to a disease, such as clubroot. 

Resistance: characteristic or phenotype of a plant to exhibit no symptoms or 
insignificant symptoms of a disease. Resistance is: thus preferably the ability of a plant to 
reduce the development of a pathogen, (see for example Robinson, R.A., 1969: Review 
Applied Mycology 48, 593-606). 

Monogenic: determined by a single locus. 
Polygenic: determined by more than one locus. 

Dominant: determines the phenotype when present at the heterozygous or 
homozygous state. 

Recessive: only displayed when present at the homozygous state. 

Locus: region on a chromosome, which comprises one or more genetic factors, for 
example one or several genes, contributing to a trait, such as a resistance to a disease. 
Genetic linkage: tendency of chromosomal regions to be inherited together as a result of their 
location on the same chromosome. Measured by percent recombination between loci (centi- 
Morgan, cM). 

Isogenic: plants which are genetically identical, except that they may differ by the 
presence or absence of a heterologous DNA sequence. 

Marker assisted selection: refers to the process of selecting a desired trait or desired 
traits in a plant or plants by detecting one or more nucleic acids from the plant, where the 
nucleic acid is associated with the desired trait. 

The present invention discloses B. oleracea plants resistant to the disease clubroot. 
In particular, the present invention discloses B. oleracea plants, which comprise a 
monogenic, dominant resistance to the disease. This resistance provides improved resistance 
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to the disease, when compared to existing resistances in B. oleracea and can be easily 
transferred between B. oleracea plants. 

B. oleraceas plants of the present invention are for example: 
Brassica oleracea L. (cole-crops) 

• var. acephala DC. (kales) 

• var. albiflora Sun [= B. alboglabrd] (Chinese kale) 

• var. alboglabra [= B. aVboglabrd\ (Chinese kale) 

• var. botrytis L. (cauliflower, heading broccoli) 

• var. capitata L. (cabbage) 

• var. chinensis Prain (burma s arson) 

• var. fimbriata Mill, (kitchen kale) 

• var. fruticosa Metz. (thousand-head kale) 

• var. gemmifera DC. (brussels sprouts) 

• var. gongylodes L. (kohlrabi) 

• var. italica Plenck. (broccoli, calabrese) 

• var. sabauda L. (savoy cabbage) 

• var. sabellica (collards) 

• var. tronchuda LJEL Bailey (tronchuda cabbage) 

Preferred B. oleracea plants of the present invention are white cabbage, cauliflower, Brussels 

sprouts and broccoli. 

According to the present invention a monogenic dominant resistance to clubroot is 
transferred from Chinese cabbage (B. rapd) to broccoli (B. oleracea). Interspecific 
hybridization was carried out between broccoli (B. oleracea var. italica) as female parent and 
B. rapa as male parent Broccoli inbred lines were chosen as female to prevent cell 
organelles of different origins in the end products of the cross. The male parent in the 
interspecific cross was a clubroot resistant Chinese cabbage Fl hybrid from Japan, 
commercially available under the name 'Tarkin" (Takii Seeds, Japan). After each cross or 
back-cross, chromosomes of the resulting plants were counted to assess the level of ploidy of 
the plants and the progress towards obtaining aB. oleracea chromosome set Chromosome 
counting was carried out according to the method of Chiang et al. (1979) Euphytica 28: 41- 
45. Flow cytometer work was done with a Partec CA II (Partech, UK). 



P70059 



-8- 



Fl hybrids resulting from the cross were obtained by embryo rescue. Embryo rescue had to 
be used since B. rapa and B. oleracea do not have the same number of chromosomes and ai 
therefore not sexually compatible. Embryo rescue allows to overcome the problems of 
degradation of the endosperm. The embryo rescue technique described by Harbert et al. 
5 (Euphytica 18 (1969) p. 425-429) was used. Sterilized ovules of 10-12 days old after 

pollination are cut in half and introduced to a culture medium kept in constant motion. The 
culture medium is basically White's medium with 8% sucrose and 400 ppm caseine 
hydrolysate. The embryo's are washed out of the ovules and grow in the liquid medium. 
Clubroot resistant Fl plants were crossed with broccoli (i.e. backcrossed). Embryo rescue as 
10 described above was also required to obtain plants resulting from the first backcross (i.e. 
BC1 plants). 

BC1 plants resistant to clubroot were backcrossed again with broccoli and three 
clubroot resistant BC2 plants were obtained by normal seed set (designated B27, B23 and 
B28). Plant B27 was further backcrossed with broccoli and plants resulting from the fourth 
15 back-cross (BC4) of plant B27 were used as source of the resistance for other B. oleracea 
crops. 

The detailed experimental protocol leading to the transfer of the clubroot resistance to 
B. oleracea is described in Example 1. Disease tests used to test for the presence of the 
resistance are described in Example 2. Results of field trials demonstrating resistance to 
20 clubroot are shown in Example 3. 

A representative B. oleracea line comprising the monogenic dominant resistance to 
clubroot according to the present invention, line CFL667, was deposited with NCTMB, 
Aberdeen AB2 1RY, Scotland, UK under accession number NCIMB 41134 on June 28, 
2002. Accordingly, the resistance to clubroot according to the present invention is obtainable 
25 from line CFL667, deposited with NCIMB under accession number NCIMB 41 134. 

In a preferred embodiment of the present invention, a B. oleracea plant resistant to clubroot 
is defined as a plant assessed at rating 0 or 1 in the 0-5 scale of example 2 herein, or as a 
plant assessed at rating 1 or 2 in the 1-9 scale of example 2 herein. 

The resistance to clubroot was transferred to other B. oleraceas, in particular white 
cabbage, cauliflower and Brussels sprouts, using standard breeding techniques in the 
Brassica art The trait was also further introgressed into B. oleracea elite lines. The 
introgression of the resistance into the elite line is for example achieved by recurrent 
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selection breeding, for example by backcrossing. In this case, the elite line (recurrent parent) 
is first crossed to a donor inbred (the non-recurrent parent) that carries the resistance. The 
progeny of this cross is then mated back to the recurrent parent followed by selection in the 
resultant progeny for clubroot resistance. After three, preferably four, more preferably five or 

5 more generations of backcrosses with the recurrent parent with selection for clubroot 

resistance, the progeny is heterozygous for the locus harboring the resistance, but is like the 
recurrent parent for most or almost all other genes (see, for example, Poehlman & Sleper 
(1995) Breeding Held Crops, 4th Ed., 172-175; Fehr (1987) Principles of Cultivar 
Development, Vol. 1: Theory and Technique, 360-376, incorporated herein by reference). 

10 Selection for clubroot resistance is carried out after each cross. In a preferred embodiment, 
the present invention therefore encompasses a method of transferring a dominant and 
monogenic resistance to clubroot into B. oleracea plant susceptible or less resistant to the 
disease comprising the following steps: crossing a first B. oleracea plant with a second B. 
oleracea plant, wherein the first plant comprises a dominant and monogenic resistance to 

15 clubroot, selecting a plant resulting from the cross that is resistant to clubroot The method 
further comprises backcrossing a plant selected above with the second B. oleracea plant until 
the resistance has been transferred to the second B. oleracea plant 

The clubroot resistance is preferably transferred to commercial lines of B. oleracea. 

Such lines are for example inbred lines. Alternatively, commercial lines are hybrids, which 
20 are obtained by crossing two inbred lines. In this case, the resistance to clubroot may be 
present in one of the parent inbreds or in both. Therefore, in a preferred embodiment the 
present invention discloses an inbred or a hybrid line of B. oleracea comprising a monogenic 
dominant resistance to clubroot, including seeds and materials of said inbred or hybrid and 
the progeny thereof. Preferably, the resistance is obtainable from a B. rapa, preferably from 
25 Chinese cabbage Fl hybrid "Parkin". In another preferred embodiment the resistance to 
clubroot according to the present invention is present in line CFL667, deposited with 
NCIMB under accession number NC1MB 41134. 

In another preferred embodiment a clubroot resistance B. oleracea plant of the 
present invention is male sterile. Male sterility is of value in B. oleracea hybrid seed 
30 breeding because normal flowers are self-pollinating. Male sterile lines do not produce viable 
pollen and cannot self-pollinate. By eliminating the pollen of one parental variety in a cross, 
a plant breeder is assured of obtaining hybrid seed of uniform quality. A particularly 
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advantageous male sterility system is cytoplasmic male sterility (CMS). An example of such 
CMS in Brassica is the Ogura CMS originally found in radish (see for example Ogura (1968) 
Mem. Fac. Agric. Kagoshima Univ. 6: 39-78; Makaroff (1989) Journal of Biol. Chem. 264: 
11706-11713; US 5,254,802). Therefore, the present invention discloses a male sterile, in 

5 particular CMS, B. oleracea plant comprising a monogenic dominant resistance to clubroot, 
including seeds and materials of said plants and the progeny thereof. Preferably, the 
resistance is obtainable from B. rapa, preferably from Chinese cabbage Fl hybrid 'Tarkin". 
Preferably, the CMS is derived from an Ogura genome. 

In yet another prefeired embodiment, the present invention discloses molecular 

10 markers, which are linked to the monogenic dominant resistance to clubroot Such molecular 
markers allow to differentiate at the molecular level between resistant and susceptible plants, 
and are thus indicative of the monogenic and dominant resistance in Brassica plants, 
preferably B. oleracea plants. These molecular markers are based on genetic polymorphisms 
between resistant and susceptible plants and are located at the locus of the resistance or 

15 closely nearby. Molecular markers are for example used to breed and obtain resistant plants, 
to follow the presence of the resistance during breeding, or to control the presence of the 
resistance in a commercial seed lot. 

Thus, in a preferred embodiment, the present invention provides methods for 
mapping the clubroot resistance in Brassica plants, preferably B. oleacea plants, methods for 

20 detennining whether the resistance is present in a Brassica plant, preferably a B. oleacea 
plant, and methods for transferring the resistance to a susceptible or less resistant Brassica 
plant, preferably a B. oleacea plant For example, the methods are used in breeding new 
resistant plants or lines or to control the quality of a seed lot The molecular markers 
disclosed herein allow for quicker release of resistant lines to the market and for a better 

25 quality control of commercial seed lots. A disease assay can thus be avoided, and replaced by 
the use of a molecular marker. 

The molecular markers and methods of the present invention are particularly 
beneficial in the various steps leading to a commercial variety, such as in breeding programs 
and in the seed production process. For example, the present invention is used to introgress 

30 the resistance into a B. oleracea plant, for example an elite inbred line. Selection for the 
resistance to clubroot is carried out by testing seeds or plants resulting from each cross with 
molecular markers. In a preferred embodiment, the present invention therefore encompasses 
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methods of transfening a dominant and monogenic resistance to clubroot into a B. oleracea 
plant susceptible or less tolerant to the disease comprising the following steps: crossing a 
first plant resistant to the disease with a second plant susceptible or less resistant, harvesting 
the seeds resulting from the cross, obtaining a sample of the seed or of a plant grown 
therefrom, detecting in said sample a molecular marker of the present invention, the presence 
of said molecular marker being indicative of the resistance to the disease in said seed or 
plant, selecting a plant resistant to the disease. Preferably, the resistance is then further 
backcrossed into the susceptible or less resistant plant. 

Molecular markers of the present invention are also conveniently used in the 
production of stable homogenous inbred lines or cuMvars (also sometimes called varieties), 
whereby a particular line is self-pollinated until satisfactory purity and homogeneity of the 
line is reached. The present invention is similarly used for the commercial production of 
seeds of a particular line or cultivar. Here again, after each cross a method of the present 
invention is applied to the seeds resulting from the cross and only resistant plants are 
selected. In a preferred embodiment, the present invention therefore encompasses methods 
of producing clubroot resistant seeds or plants comprising the following steps: crossing a 
resistant plant with itself, harvesting the seeds resulting from the cross, obtaining a sample of 
the seed or of a plant grown therefrom, detecting in said sample a molecular marker of the 
present invention, the presence of said molecular marker being indicative of the resistance to 
the disease in said seed or plant. 

Similarly, the present invention is used in hybrid seed production. In this case, the 
present invention is used to assure that all hybrid seeds that germinate and grow in the field 
are resistant to the disease. Preferably, molecular markers of the present invention are also 
used in quality assurance to ensure that the disease resistance is present in the hybrid seeds. 
In a preferred embodiment, the present invention therefore encompasses methods producing 
seeds comprising the following steps: crossing a first plant with a second plant, wherein one 
of the plants is resistant to clubroot, harvesting the seeds resulting from the cross, obtaining a 
sample of the seed or of a plant grown therefrom, detecting in said sample a molecular 
marker of the present invention, the presence of said molecular marker being indicative of 
the resistance to the disease in said seed or plant. The present invention thus provides a 
significant advancement to commercial breeding and seed production processes. 
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In a preferred embodiment, a molecular marker of the present invention is within 10 
centi-Morgan (cM) from the locus of the clubroot resistance, preferably within 6 cM, 
preferably within 5 cM, more preferably within 3 cM, even more preferably within 1.5 cM 
from the locus of the clubroot resistance, and thus tightly co-segregates with the resistance. 
Preferred polymorphisms in the context of the present invention include for example single 
sequence repeats (SSR, see e.g. Hearne et al. (1992) Trends Genet 8:288-294), single 
nucleotide polymorphisms (SNP, Botstein B et al. (1980) Am J Hum Genet 32:314-331), and 
any other types of DNA rearrangements, such as deletions, amplifications, crossovers. 

Methods for detection of polymorphisms well known in the art can be applied in the 
context of the present invention to produce a molecular marker linked to the resistance. 
Preferred methods include methods based on the PCR amplification technique, for example 
the SSR technology and the RAPDs technology (Williams et al. (1990) Nucl Acids Res 
18:6531-6535). In general, preferred oligonucleotides for PCR are about 8 to 50 nt long, 
more preferably 10 to 30 nt long. PCR amplified DNA fragments comprising a site 
comprising a polymorphism of the present invention are preferably about 100-3,000 nt long , 
more preferably about 200 to 2,000 nt long, even more preferably about 300 to 1,000 nt long. 
Other methods for screening or detecting polymorphisms, which are applicable to the instant 
invention include direct sequencing of nucleic acids, single strand polymorphism assay, 
ligase chain reaction, enzymatic cleavage, and southern hybridization. 

Alternative methods include several methods for detecting Cleaved Amplified 
Polymorphic Sequences (CAPS; Konieczny et al., The Plant Journal 4(2):403-410, 1993) and 
for detecting Single Nucleotide Polymorphisms (SNPs) with a method termed "CAMPS" for 
Cleaved Amplified Modified Polymorphic Sequences, also known as dCAPS (Neff et al, 
1998. Plant J. 14: 387-392; Michaels and Amasino, 1998. Plant J 14: 381-385). In the CAPS 
method, a nucleic acid containing a polymorphic restriction site is amplified using primers 
flanking the restriction site. The resulting PCR product is digested with the restriction 
endonuclease corresponding to the polymorphic restriction site, and the digested products are 
analyzed by gel electrophoresis. 

Southern hybridization is also an effective method of identifying differences in 
sequences, in particular using the RFLP (restriction fragment length polymorphisms) 
technology (Botstein B et al. (1980) Am J Hum Genet 32:314-331). 
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In a preferred embodiment, the present invention discloses molecular markers closely 
linked to the clubroot resistance obtained using the RAPDs technology (see example 4 
herein). 

The following examples are intended to provide illustrations of the application of the 
5 present invention. The following examples are not intended to completely define or 
otherwise limit the scope of the invention. 

Examples 

Example 1: Transfer of the resistance to B. oleracea 
10 Fl 

A few hundred crosses between the clubroot resistant Chinese cabbage and broccoli were 
performed From these crosses, embryos were rescued. Four of these embryos developed into 
plants, two of which proved to be resistant to the disease. These two resistant plants had 19 
chromosomes. The phenotype was a hybrid between Chinese cabbage and broccoli. 

15 BC1 

Embryo rescue was conducted again to obtain BC1 plants. Broccoli inbred lines were used as 
backcross parent. Broccoli lines were also used a backcross parent for the following 
generations. Only one of the two Fl plants mentioned above responded and 5 embryos 
developed into plants. Four of them were resistant to clubroot 
20 The phenotype of the BC1 plants was closer to that of the broccoli backcross parent. 

As the distribution of chromosomes of the B. rapa genome in the BC1 plants is at random, 
the plants contain 18 chromosomes of B. oleracea and 0-10 chromosomes of B. rapa. 
Accordingly, plants with 18-28 chromosomes were observed. 

BC2 

25 BC2 plants were obtained by seed setting on the BC1 plants. Nine plants originating from 
seedset on a plant designated as plant B from the BC1 above proved to be resistant to 
clubroot. The number of chromosomes was determined and the deviation from the normal 
DNA content was determined with a flowcytometer. Three plants, B23, B27, and B28 were 
further use in the program. 



30 
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BC3andBC4 

BC3 and BC4 were also obtained by seed set. Plant B27, which was already diploid in the 
BC2, had incorporated the dominant clubroot resistance gene. The backcross generations 
BC3 and BC4 show the expected 1:1 segregation. 
5 The resistance had also introgressed into plants B23 and B28, as was shown in later 
generations. 

Field test 

A preliminary field test was carried out with the resistant plants from the seedling test of the 
BC3 of B27. The plants were planted in a heavily infested field at our trial station at Kleve, 
10 Germany. All plants stayed healthy and showed no syptoms when dug up at maturity. 

Transfer to other B. oleraceas 

The resistant B27 was used as source of the clubroot resistance for a backcross program in 
broccoli, cauliflower, cabbage and Brussels sprouts. 

Example 2: Disease test 

15 Seedlings are transplanted one week after sowing in multipots containing a mixture of sand 
and peatsoil at a rate of 2:1 with PH<6. One day after transplanting 1 ml of a solution of 
1.10 6 cysts/ml is injected in the pots. The solution is of a mixture of clubroot sources with 
ECD codes 16/3/30, 16/23/30, 16/3/14 and 16/7/30 (Buczacki et al., 1975: Trans. Br. Mycol. 
Soc. 65, 295-303). The first two weeks the soil is kept wet, after that the soil may dry a bit 

20 Incubation temp is 18-20°C in the greenhouse. 4-5 weeks after transplanting the roots are 
washed clean and scored for the disease. 

Alternatively, seeds are directly sown in multipot trays in a standard sand : peat soil mixture 
(2:1 EGO, pH 5-6, 1 seed per multi-pot). Normally 20-30 plants/line are tested. Approx. 7-10 
days after sowing the plants are inoculated, a second inoculation is followed 2-5 days after 
25 the first inoculation. If seeds are suspected to germinate badly, sowing is done in black trays 
on rows and the plants are transplanted after 7^10 days to the multipot trays. Incubation 
temperature is 20-22 °C. 

Standard inoculum is isolate 9 (an aggressive isolate isolated from an infected field in 
Germany). The inoculum is prepared from infected roots stored in the fridge at -20 °C in 
30 plastic bags. The roots are transferred to a mixer (1 part roots, 5 parts water) for ca. 2 min. 
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The small particles are then filtered with cheese cloth and the number of cysts (round, light 
(little blue) coloured) is counted. One ml of 0.5-l*10 7 cysts/ml is added to the stem/root at 
the base of the plant with a Eppendorf pipet The inoculum needs to be shaken regularly to 
mix the available cysts in the suspension homogeneously. 

Dependent on the size of the trial, sufficient controls need to be present. Susceptible controls 
are for example: White Rock (cauliflower), Maximus or other Fl (Brussels sprouts), 
Marathon (white cabbage). As resistant control Parkin or Storkin (Chinese cabbage) may be 
added. Hopkin (susceptible Chinese cabbage) may be added, as it gives in an early stage an 
indication if the inoculation has succeeded. 

The plants need to be kept sufficiently moist during the trial. Regular fertilisation necessary, 
however plants must not grow excessively. Temperature is 22-20 °C (day/night), 16 hr light. 
After 4 (summer) - 6 (winter) weeks after inoculation plants can be pulled out of the soil, 
washed and scored for symptoms. 
An observation scale for a disease test is for example: 

0 = no clubs, healthy root system 

1 = 1-2 small clubs on lateral roots, sometimes roots show some browning 

2 = several small clubs on lateral roots, main root sometimes a little thickened 

3 = main root thickened for largest part 

4 = main root severely thickened and coalesced with clubbed lateral roots, some 
normal roots still present 

5 = one clump of roots, no normal roots present 

The plants with score 0 (sometimes also the l's, depending on the severity of the greenhouse 
test and the genetics involved) out of the greenhouse test are then transferred to a field 
infected with clubroot (e.g. field De Wit in Enkhuizen). Normally, escapes from the 
greenhouse become severely infected in the field and are readily visible (stunted growth). 
However, these are only very rare plants. 

Another observation scale for a disease test is for example: 

1 = No visible root galling 

2 = Single gall on lateral roots 

3 = Several small galls on lateral roots (plant healthy) 
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4 = Mild galling of the taproot, several small galls on lateral roots 

5 = Moderate galling of the taproot, many small or several large galls on 

lateral roots 

6 = Severe galling of the taproot, many large galls on laterals 

7 = Severely galled, several healthy roots remaining 

8 =Severly galled, few healthy roots present 

9 = Severly galled, no healthy roots present 

Example 3: Results of field trials 

Table! 

Field trial in Werribee, Victoria, Australia. Plants transplanted in January 2002 to clubroot 
infested soil. An assessment after 6 weeks after transplantation shows (Table 1) already the 
5 effect of clubroot resistant cauliflower hybrids (F308 and F3 1 1) compared to susceptible 
varieties (White Rock and Triumphant) and a susceptible variety (Triumphant) treated with 
different amounts of a fungicide (Shirlane) and addition of lime (increasing pH heaving a 
reducing effect on clubroot severity, e.g. Dixon & Page, 1998, Acta Horticulture, 459, 343- 
349). The observation scale above with rating from 1-9 was used in the trial below. 





Treatment 


Cauli root score 0-9 scale 


1 


Quicklime (2.5tfha) 


4.11 


2 


Shirlan (3L/ha) 


2.33 


3 


Shirlan (3L/ha) + Quicklime (2.5 t/ha) 


2.22 


4 


Shirlan (2L/ha) 


3.00 


5 


Control - Triumphant 


5.06 


6 


F308 


1.00 


7 


F311 


1.00 


8 


White Rock 


5.11 



Table 2 

Results from a young plant test of cauliflower with isolates originating from 3 different sites 
in Australia (Cora Lyn, Werribee and Trentham). The isolates were inoculated with a method 
comparable as described above. White Rock is a susceptible control and E70 is a resistant 
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hybrid cauliflower. The observation scale above with rating from 1-9 was used in the trial 



below. 



White Rock 



Treatment averages 
CoraLyn Werribee 
8.2 8.7 



Trentham 



3.9 



E70 



1 



1 



1 



Table 3 



5 Results of field tests carried out at different locations in Europe naturally infested with 
clubroot in two years. D249, D506, E245, E246 are resistant cauliflower hybrids, White 
Rock is a susceptible cauliflower variety, SPR666 and A876 are resistant B. sprouts hybrid, 
Romulus and Maximus are susceptible B. sprouts varieties, F1182, F1187 are resistant white 
cabbage hybrids and Marathon a susceptible white cabbage variety. Assessments (di05) were 

10 done at the end of the growing season on a 0-5 scale (see above). 



entry 


type 


site 


year di05 


D249 


cauliflower 


Hannover 


2000 


0.0 


D506 


cauliflower 


Hannover 


2000 


0.0 


White Rock 


cauliflower 


Hannover 


2000 


1.8 


D249 


cauliflower 


Halsall-UK 


2000 


0.0 


White Rock 


cauliflower 


Halsall-UK 


2000 


4.3 


SPR666 


B. sprouts 


Halsall-UK 


2000 


0.0 


Romulus 


B. sprouts 


Halsall-UK 


2000 


4.5 


SPR666 


B. sprouts 


Roeselaere-Belgium 


2000 


0.0 


Romulus 


B. sprouts 


Roeselaere-Belgium 


2000 


3.3 


A876 


B. sprouts 


Halsall-UK 


2001 


0.0 


Maximus 


B. sprouts 


Halsall-UK 


2001 


4.5 


E245 


cauliflower 


Halsall-UK 


2001 


0.0 


White Rock 


cauliflower 


Halsall-UK 


2001 


4.6 


F1187 


white cabbage 


Halsall-UK 


2001 


0.0 


Marathon 


white cabbage 


Halsall-UK 


2001 


3.5 
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E246 cauliflower Hannover 2001 0.0 

White Rock cauliflower Hannover 2001 1.9 

F1182 white cabbage Hannover 2001 0.0 

Marathon white cabbage Hannover 2001 3.6 

Example 4: Molecular markers 

RAPDs markers linked to the resistance were developed using two white cabbage 
populations (D1544 and D1545). Two molecular markers obtained with primers O20 and 
Y13, respectively, resulted in PCR amplification products that are tighly linked to the 
resistance to clubroot. Both O20 and Y13 are 94.6% (53 out of 56) correlated with the result 
(resistant or sensitive) of disease test in population D1544, indicating a linkage distance of 
5.4 cM. For population D1555, 020 is 100% while Y13 is 95.7% (45 out of 47) correlated 
with disease test, suggesting a tight linkage (0 cM) between O20 and the resistance and 4.3 
cM between Y13 and the resistance. When testing the RAPDs in a dihaploid white cabbage 
population of 140 plants, O20 shows 100% (0 cM) and Y13 98.6% (1.4 cM) correlated with 
the result of disease tests. 

Primer O20 (5'-ACA CAC GCT G-3') yields a specific fragment of approximately 400 bp. 
Primer Y13 (5'-GGG TCT CGG T-3') yields a specific fragment of approximately 640 bp. 
The amplification conditions are described below. After PCR 25 ul DNA is run on a 1.8% 
agarose gel. 



-DNA 


: ul (diluted DNA from a standard miniprep) 


- Primer (10 uM) 


: 1.0 ul 


-dNTP(2.5mM) 


: 2.0 ul 


- Platinum Taq buffer lOx 


: 2.5 ul (200mM Tris-HCl pH 8.4, 500 mM KC1 




minus MgCl 2 ) 


-MgCl 2 (50mM) 


0.75 ul 


- Platinum Taq (BRLflife) : 


0.2 pi (5U/ul) 


- sterile water : 


ul ( depends how much DNA is used) 


25 ul final volume 
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PCR program: 





V Q4PC 








- 


Ramp 0:00 


94°C 


0.10 




5 - 


Ramp 0:00 


36°C 


0.30 


1 cycle, JrCK cycle {r&cKsxi timer 




Ramp 0:45 


72°C 


1.05 


9600) 




3' 94°C 










Ramp 0:00 


94°C 


0.10 






Ramp 0:00 


36°C 


0.30 


40 cycles, PCR cycle (Perkin Elmer 


10 - 


Ramp 0:45 
5' 72°C 


72°C 


1.05 


9600) 
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SEQUENCE LISTING 

<110> Syngenta Participations AG 

<120> Disease resistant Brassicas 

<130> 70059P 

<140> 
<141> 

<160> 2 

<170> Patentln version 3.1 

<210> 1 
<211> 10 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> Oligonucleotide 
<400> 1 

acacacgctg 10 



<210> 2 
<211> 10 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> Oligonucleotide 



<400> 2 
gggtctcggt 



10 
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CLAIMS 



What is claimed is: 

1. A5. oleracea plant resistant to clubroot, wherein the resistance to clubroot is 
5 monogenic and dominant 

2. The plant according to claim 1, wherein said B. oleracea plant is rated at level 2 or 
less in a test for the disease having a 1-9 scale or at a level 1 or less in a test for the 
disease having a 0-5 scale. 

3. The plant according to claim 1, wherein said B. oleracea plant is rated at level 1 in a 
10 test for the disease having a 1-9 scale or at a level 0 in a test for the disease having a 

0-5 scale. 

4. The plant according to claim 1, wherein said B. oleracea plant is broccoli, white 
cabbage, cauliflower, Brussels sprouts, Borecole, Savoy, or red cabbage. 

5. The plant according to claim 1, wherein said resistance is linked to a molecular 

15 marker obtainable by PCR amplification using primer O20 (SEQ ID NO: 1) or primer 

Y13(SEQIDNO:2). 

6. The plant according to claim 5, wherein said resistance is within 10 cM of said 
molecular marker. 

7. The plant according to claim 5, wherein said resistance is within 6 cM of said 
20 molecular marker. 

8. The plant according to claim 1, wherein said resistance is obtainable from a clubroot 
resistant B. rapa plant. 

9. The plant according to claim 1, wherein said resistance is obtainable from Chinese 
cabbage Fl hybrid Parkin. 

25 10. The plant according to any one of claims 1 to 9, wherein said plant is homozygous for 
said resistance. 

11. The plant according to any one of claims 1 to 9, wherein said plant is heterozygous 
for said resistance. 

12. The plant according to any one of claims 1 to 9, wherein said plant is an inbred. 
30 13. The plant according to any one of claims 1 to 9, wherein said plant is a hybrid. 
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The plant according to claim 12 or 13, wherein said plant is cytoplasmic male sterile. 
Seed of a plant according to any one of claims 1 to 14. 

Use of a monogenic and dominant resistance to clubroot to confer a B. oleracea plant 
resistance to said disease, wherein said resistance is obtainable from a B. rapa plant. 
Use of claim 16, wherein said resistance is obtainable from Chinese cabbage Fl 
hybrid Parkin. 

A method for producing a B. oleracea plant comprising a monogenic and dominant 
resistance to clubroot comprising the steps of: 

a) obtaining a B. rapa plant resistant to clubroot; 

b) crossing said B. rapa plant with a B. oleracea plant, 

c) rescuing embryos resulting from the cross of step b); 

d) regenerating a plant from a embryo of step c); 

e) selecting a plant of step d) that is resistant to clubroot; 

f) back-crossing a plant resulting from step e) with a B. oleracea plant 

The method according to claim 18, further comprising introgressing the resistance 
into an elite B. oleracea inbred. 

The method according to claim 19, further comprising crossing said inbred to another 
B. oleracea inbred to produce a hybrid. 

A B. oleracea plant obtainable by the method of any one of claims 18 to 20. 

A method for transferring a monogenic and dominant resistance to clubroot to a B. 

oleracea plant susceptible or less resistant to the disease comprising the steps of: 

a) obtaining a B, oleracea plant comprising a monogenic and dominant 
resistance to clubroot; 

b) crossing said B. oleracea plant of step a) with a B. oleracea plant susceptible 
or less resistant to clubroot; 

c) selecting a plant from the cross of step b) that is resistant to clubroot. 

The method according to claim 22, further comprising backcrossing said resistance 
into said B. oleracea plant susceptible or less resistant to clubroot. 
A DNA fragment amplified from a Brassica genome, wherein said DNA fragment is 
approximately 400 bp long and comprises SEQ ID NO:l. 

A DNA fragment amplified from a Brassica genome, wherein said DNA fragment is 
approximately 640 bp long and comprises SEQ ID NO:2. 
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A DNA fragment according to claim 24 or 25, wherein said DNA fragment is 
indicative of the presence of a dominant and monogenic resistance to clubroot in a 
Brassica plant 

Use of a DNA fragment according to claim 24 or 25 to identify a Brassica plant that 
is resistant to clubroot 

Use of primer O20 (SEQ ID NO: 1) to detect a DNA fragment of approximately 400 
bp in a Brassica genome. 

Use of primer Y13 (SEQ ID NO:2) to detect a DNA fragment of approximately 640 
bp in a Brassica genome. 

Use of a primer O20 or Y13 to identify a Brassica plant resistant to clubroot. 
Use of any one of claims 27-30, wherein said Brassica plant is B. oleracea. 
A kit for detecting a monogenic and dominant resistance to clubroot in a B. oleracea 
plant comprising an oligonucleotide of set forth in SEQ ID NO:l or SEQ ID NO:2. 
A method for transferring a monogenic and dominant resistance to clubroot to a 2?. 
oleracea plant susceptible or less resistant to the disease comprising the steps of: 

a) obtaining a B.oleracea plant comprising a monogenic and dominant resistance 
to clubroot; 

b) crossing said B.oleracea plant of step a) with a B. oleracea plant susceptible 
or less resistant to clubroot; 

c) selecting a plant comprising a DNA fragment obtainable by PCR 
amplification using primer O20 (SEQ ID NO:l) or primer Y13 (SEQ ID 
NO:2); 

wherein said plant of step c) is resistant to clubroot. 

The method according to claim 33, further comprising backcrossing said resistance 

into said B. oleracea plant susceptible or less resistant to clubroot 

A method of identifying a B. oleracea plant resistant to clubroot comprising the steps 

of: 

a) obtaining a sample from a B. oleracea plant; 

b) detecting in said sample a DNA fragment obtainable by PCR amplification 
using primer O20 (SEQ ID NO:l) or primer Y13 (SEQ ID NO:2), 

wherein said B. oleracea plant of step b) is resistant to clubroot. 
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36. A method of selecting a B. oleracea plant resistant to clubroot from a population of 
B. oleracea plants comprising the steps of: 

a) providing a population of B. oleracea plants; 

b) obtaining a sample of a plant of said population; 

c) detecting in said sample a DNA fragment obtainable by PCR amplification 
using primer O20 (SEQ ID NO: 1) or primer Y13 (SEQ ID NO:2), 

wherein said B. oleracea plant of step b) is resistant to clubroot. 



P70059 




ABSTRACT 
DISEASE RESISTANT BRASSICAS 

The present invention discloses B. oleracea plants resistant to clubroot disease. In particular, 
5 the plants of the present invention comprise a monogenic dominant resistance to the disease 
clubroot introgressed from B. rapa. This resistance provides improved resistance to the 
disease as compared to previously existing resistances in B. oleracea. 



